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Individualized Medicine

R. Mariella Jr.
Lawrence Livermore National Laboratory

Abstract

The recent focus of microelectromechanical-systems- (MEMS-) based
instrumentation has largely dealt with increasing the throughput of established
processes, including drug screening/drug discovery/combinatorial chemistry,
or the miniaturization of accepted bench-top instruments. The miniaturization
and automation of procedures that were previously performed manually are
included in these activities.

We suggest that BioMEMS instrumentation will adopt an additional direction,
that of providing information and capabilities to the physician that are not

available, today.

Introduction

Microelectromechanical-systems- (MEMS-) based instrumentation has enabled
the reduction of size and cost of laboratory and clinical instrumentation, and, via
the integration of functions, has increased the complexity of tasks that a single

unit can perform. See, amongst others,

www.aclara.com

www.Calipertech.com

www.Cepheid.com

www.i-stat.com

www.micronics.net

www.moldev.com/pages/cyto.html

www.nanogen.com / tech.htm

www.orchidbio.com

www.sequenom.com

BioMEMS2000 1



While these advances in the field of instrumentation are both encouraging and
exciting, the revolutions in genomics and in the exploitation of databases on the
Internet are inevitably pushing toward a revolution in medicine. The current
mode of medicine might be referred to (disparagingly!) as “one size fits all”. The
time is coming wherein medical practice will almost certainly evaluate and treat
each person’s unique situation — “individualized medicine”.

There are likely to be at least two stages along the path to individualized
medicine — “Stage I” will determine the genetic ID of an ailment, and “Stage I1”
will also determine the genetic information of the patient. The former will aid in
determining the etiologic agents that are producing the patient’s symptoms, and
the latter stage will provide key information that, one can reasonably expect, will
broaden the number of available treatments for an affliction, as well as their
efficacy. Each of these stages will be performed, within hours or less, by the

technical personnel of the medical office or clinic.

Stage I
One generalized, “near-term” goal for individualized medicine would be to

determine the ailment of a patient while he/she is in the physician’s office
— Viral
— Bacterial (including antibiotic resistance or susceptibility, etc.)
— Protozoan, fungal, helminth, etc.

— None of the above (identification of allergies may require Stage II).

This requires the physician to have the ability to detect and determine the
nucleic-acid sequences of the relevant organisms and to have a network over
which the information may be exchanged in a timely fashion. The genetic
identification of an ailment is likely to depend upon PCR, in one of its numerous

embodiments.
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PCR

Although antibody-based assays and culture methods have been relied upon
for decades, the polymerase chain reaction (PCR) has emerged(1-3) as a powerful
tool in the arsenal of assays against both the established disease organisms, such
as HIV(4), and emerging threats(5). Real-time PCR has added increased
sensitivity, specificity, and rapidity of the assay (6-8). Because PCR (or reverse
transcriptase, followed by PCR) reads the “book of life” for organisms from viral
through human, we believe that it will play the key role in moving us towards

individualized medicine. A few examples follow.

Influenza

Researchers from the Center for Disease Control and Prevention, Influenza
Branch, have said(9) that it would be valuable to have physicians be able to
determine the genomic sequences of polymorphic regions for the strain(s) of
influenza that infect our population. Each year, the CDC analyzes data on strains
(10-14), including drug resistance(15), and they prepare a vaccine against such.
As winter arrives, and as soon as cases start to appear, they would like to
determine if there is a match between the vaccine that they have distributed and
the flu strain(s) that are spreading though our population. The origin and spread
of diseases, in general, is an important health issue in the US and other

countries(16).

E. coli

Taking a more general perspective than just influenza infections, such
questions as “is an infection viral or bacterial or parasitic or a combination” need
to be answered to determine the optimal treatment. Many bacterial and viral
infections in humans manifest themselves with fever, often accompanied by
cough and/or nausea. For the physician, the diagnostic difficulties presented by
such similar symptoms may be considerable. For example, in a recent publication
in the New England Journal of Medicine(17), Phillp Tarr and co-workers
reported “Antibiotic treatment of children with E. coli O157:H7 infection

increases the risk of the hemolytic-uremic syndrome” (HUS). Providing the
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physician with a positive identification of the E. coli O157:H7 infection, and as
quickly as possible, is clearly in order to avoid increasing the risk of HUS.

Peter Feng describes the difficulties in determining the presence of E. coli
O157:H7 and its emerging phenotypic variants(18). Dr. Feng reports that such
non-DNA-based assays as non-fermentation of sorbitol or methyl-umbelliferyl
glucuronide assay have been “used extensively to distinguish the serotype
O157:H7 from related bacteria.” However, he reports “Other enteric bacteria,
such as E. hermanii and Hafnia spp., . . . resemble serotype O157:H7 on sorbitol-
containing medium. Likewise, strains of O157, of non-H7 serotype that are not
pathogenic and do not ferment sorbitol have occasionally been isolated . . .”. Dr.
Feng then describes a more powerful assay for the presence of the uidA gene that

is unique only to serotype O157:H7, based on PCR. He also states

Advantages of these new molecular methods include specificity, sensitivity, and
the ability to detect phenotypic variants of the serotype O157:H7. However, these
assays are far too complex and costly for use in the routine analysis of food or
clinical specimens.

This last sentence should be taken as the “marching orders” for those of us

whose goal is individualized medicine.

Assays Based on Combinations of Techniques
One of the encouraging developments, in terms of both assays and
instrumentation, has been the use of PCR with flow cytometry to increase the

throughput of the analysis(19,20), including multiplexing(21).

Sample Preparation

PCR assays, themselves, are clearly being relied upon to a greater extent.
However, it is non-trivial to include automated sample collection and sample
preparation, integrated with the PCR assay, in a portable instrument(22). One
technique that performs sample cleanup or separations in microfabricated fluidic
systems is dielectrophoresis(23). The process of dielectrophoresis uses an
imposed electric field to induce an electric dipole in a molecule or cell, based on
its polarizability. The imposed field is intentionally non-uniform, and those

molecules or cells with the larger dipoles experience a force that draws them
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towards the regions with higher electric fields. Since the voltages that can be
applied to aqueous solutions are limited, even for alternating fields, by the onset
of electrolysis of water, the reduced sizes of electrodes and flow channels in a
microfabricated fluid system enhance the performance of dielectrophoresis(24-
29). (The dielectrophoretic force is dependent upon the electric field and its

gradient, not upon the voltage.)

Stage II

A longer-term goal for individualized medicine would be the selection of
treatment based on the genetics of each patient. This is a formidable technical
challenge, but many of the required capabilities are being developed, already. It
requires knowledge of the human genome and its polymorphisms. It requires a
profound understanding of functional genomics - the relationship between an
individual’s genome and external stimuli, (the regulation of gene expression, the
role of the proteins being synthesized, etc.). If attained, the results could be very
beneficial. Armed with genetic information about infections and the patient, and
after determining the biomarkers for allergies, exposure to toxins, as well as
those for infections, the physician could select which medicines/treatments
would be the most efficacious.

In order to achieve such a capability, science and technology both need to
make major advances, but many researchers are moving in the necessary
directions. The revolution in “information technology” also promises to provide
the enormous increases in the bandwidth of information access and exchange
that will be necessary to deliver such capabilities into the offices of physicians
and into clinics. There will be a risk of “information overload”, and there must be
an expert system to assist the physicians in the use of such a complex
databank/diagnostic function.

One existing reason that the cost of drug development is high is that a drug
will be rejected in its final trials if a fraction of the cohort being studied shows
sufficiently adverse reactions. The hope is that the genetic makeup of those who
experience benefits from a drug may be delineated from those showing adverse

reactions. This will permit the application of this drug to that fraction of the
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population that will benefit. In the distant future, the science of functional
genomics and proteomics may even permit the prediction of beneficial and
adverse effects! (Stage III of individualized medicine?) Already, researchers are
developing the high-throughput tools to examine polymorphisms in genes and
their expression(30-32). Such techniques, that will probably include PCR, flow
cytometry, and, possibly, mass spectroscopy, offer unprecedented power of
analysis. One can project a time when an instrument will extract a small number
of cells from a patient, possibly a blood sample, and analyze their genes and their
response to stimuli in order to determine treatments to avoid and those to use —

delivering individualized medicine to the patient.
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